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TECHNICAL NOTE D-32 

A LIMITED FLIGHT AND WIND-”NEL INVESTIGATION OF 

PADDLE SPOILERS AS LATEBAL CONTROLS 

By Robert G. Mungall, Harold I. Johnson, 
and W i l l i a m  L. Alford 

SUMMARY 

A l imi ted  f l i g h t  and wind-tunnel invest igat ion was conducted t o  
evaluate paddle s p o i l e r s  as a primary l a t e r a l - c o n t r o l  system. 
nary information indicated t h i s  type of spoi le r  might be used i n  place 
of flap-type a i le rons  with the possible advantage of allowing elimina- 
t i o n  of t h e  power control  system or,  a t  t h e  l e a s t ,  of aiiowing a great 
reduction i n  t h e  s i z e  and weight of the required power control  system. 
Two s p o i l e r  shapes were t e s t e d  i n  f l ight  on a jet-powered sweptback- 
wing a i rp lane  at  Mach numbers of 0.60 and 0.86 a t  an a l t i t u d e  of 
35,000 f e e t .  
shapes were t e s t e d  on a l /k-scale half-span wing model i n  t h e  Langley 
300 t P H  7- by 10-foot tunnel  at a Mach number of 0.26. 

Prelimi- 

Preceding t h e  f l i g h t  t e s t s ,  a la rge  number of s p o i l e r  

The paddle s p o i l e r s  were ef fec t ive  a t  moderate and la rge  def iec-  
t i o n s  but  had l i t t l e  o r  no effectiveness a t  s m a l l  def lect ions.  The two 
s p o i l e r  shapes t h a t  were t e s t e d  i n  f l i g h t  had overbalanced hinge moments 
of general ly  small magnitudes but f l i g h t  and wind-tunnel d a t a  ind ica te  
t h a t  underbalanced hinge moments can be achieved with s u i t a b l e  shape 
modifications. The f l i g h t  and wind-tunnel da ta  on spoi le r  e f fec t iveness  
agreed very w e l l ;  t h e  da ta  on hinge moments agreed i n  t rend  but not i n  
absolute magnitude. 
ably on t h e  smooth, apparently lag-free r o l l i n g  response obtained from 
the s p o i l e r s  at  la rge  def lect ions and on t h e  lack  of s i d e s l i p  associated 
with r o l l i n g .  The overbalanced hinge moments, t h e  lack of e f fec t iveness  
a t  small def lect ions,  and the  very large control-system f r i c t i o n  of 10 
t o  20 pounds were found t o  be unacceptable by the  p i l o t .  This excessive 
control-system f r i c t i o n  appears t o  be an inherent f a u l t  of paddle-type 
s p o i l e r  cont ro l  systems and w i l l  probably prohib i t  the  use of such 
s p o i l e r s  i n  nonboosted control systems. If some m e a n s  i s  found t o  over- 
come t h e  ineffectiveness at s m a l l  deflections,  paddle s p o i l e r s  may be 
promising for.some appl icat ions and, if used, may e f f e c t  a l a r g e  reduc- 
t i o n  i n  t h e  s i z e  and weight of the  required power control  system. 

During the  f l i g h t  t e s t s  t h e  p i l o t  commented favor- 
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A l imi ted  f l i g h t  and wind-tunnel inves t iga t ion  of a l a t e r a l  cont ro l  
consis t ing of paddle-type s p o i l e r s  has been conducted a t  t h e  Langley 
Research Center. For the  f l i g h t  inves t iga t ion  a s p o i l e r  i n s t a l l a t i o n  
was incorporated i n t o  the  3 5 O  sweptback wings of a jet-powered f i g h t e r -  
type airplane.  
span wing model i n  t h e  Langley 300 MPH 7- by 10-foot tunnel .  

The wind-tunnel inves t iga t ion  was conducted on a h a l f -  

The object  of t h e  program was t o  develop a l a t e ra l - con t ro l  system 
which had hinge moments low enough t o  be operated manually even on high- 
speed airplanes o r ,  a t  t h e  least, which could be operated by power con- 
t r o l  systems of much smaller s i z e  and weight than those cu r ren t ly  i n  use.  
A fur ther  requirement was t h a t  t h e  cont ro l  se lec ted  should be of a type 
t h a t  could have reasonably good ef fec t iveness  c h a r a c t e r i s t i c s  a t  both 
t ransonic  and supersonic speeds. 

The wind-tunnel i nves t iga t ion  was made f i r s t  and t h e  da t a  obtained c 

served as  a guide i n  the  design of t h e  spo i l e r  i n s t a l l a t i o n  f o r  t h e  a i r -  
plane.  
effect iveness  i n  producing roll and d a t a  on the  spo i l e r  hinge moments. 
Comparisons of the  f l i g h t  and wind-tunnel measurements a r e  a l s o  included. 

Included i n  the  repor t  are l imi t ed  da ta  on t h e  paddle-spoiler 

v 
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SYMBOLS 

airspeed, f t / s e c  

r o l l i n g  ve loc i ty ,  radians/sec 

wing span, f t  

hinge-moment coe f f i c i en t  based on projected-edge area of 
spo i l e r  outboard of spo i l e r  hinge axis and d is tance  from __ 

H spo i l e r  hinge axis t o  cent ro id  of t h a t  area, 
2qSede 

l o c a l  wing chord used i n  def in ing  s p o i l e r  def lec t ion ,  f t  

spo i l e r  def lec t ion ,  d i s tance  of spo i l e r  t i p  from wing surface,  
f t  

2v 
wing-tip h e l i x  angle, rad ians  
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Se 

de 

spo i l e r  hinge moment, f t - l b  

projected-edge area of spoi le r  outboard of s p o i l e r  hinge axis, 
sq f t  

d i s tance  from centroid of projected-edge area t o  hinge axis 
of spo i l e r ,  f t  

dynamic pressure,  lb/sq f t  

Mach number 

angle of a t t ack ,  deg 

INSTR-ATION 

Standard N.GA instrumentation was used i n  t h e  f l i g h t  program t o  
measure cont ro l  pos i t ions  and forces ,  angular acce lera t ions ,  r o l l i n g  
ve loc i ty ,  s i d e s l i p  angle, a i rspeed,  and a l t i t u d e .  Strain-gage i n s t a l l a -  
t i o n s  were used t o  measure individual  s p o i l e r  hinge moment and t o t a l  
hinge moment of t h e  spo i l e r s  on t h e  r i g h t  wing. 

The airspeed-nose-boom i n s t a l l a t i o n  used i n  t h e  present  tests was 
the sane as t h a t  used i n  reference 1 and measured airspeeds were cor- 
r ec t ed  f o r  pos i t ion  e r r o r  i n  accordance with the c a l i b r a t i o n  presented 
i n  reference 1. 

EQUIPMENT 

The tes t  a i rp lane  was o r ig ina l ly  equipped with conventional i n t e r -  
n a l l y  sealed outboard-located flap-type a i l e rons  which were modified t o  
f a c i l i t a t e  i n s t a l l a t i o n  of t he  paddle-type spo i l e r s .  The modification 
cons is ted  of removing the inboard halves of t h e  a i l e rons  and rep lac ing  
them with f ixed panels ahead of which t h e  spo i l e r s  were located.  
outboard halves of t h e  o r i g i n a l  a i le rons  were re ta ined  and used f o r  t h e  
normal f ly ing  phases of t he  flight tests. 

The 

Figure l ( a )  is  a photograph of t h e  t e s t  a i rp lane  showing t h e  paddle- 
s p o i l e r  i n s t a l l a t i o n  i n  a f u l l y  def lected pos i t i on  f o r  r i g h t  r o l l .  
s p o i l e r s  on the  l e f t  wing are deflected downward t h e  same amount as those 
on the right wing are def lec ted  upward. 
exposure p i c tu re  showing the  spoi le rs  on t h e  l e f t  wing de f l ec t ed  var ious 
aaounts upward. It may be noted tha t  even i n  the f u l l y  de f l ec t ed  pos i t i on  
t h e  s p o i l e r s  overlapped one another and formed m unbroken barrier t o  the 

The 

Figure l ( b )  i s  a mult iple-  
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flow when viewed i n  t h e  strezriiwise d i r ec t ion .  The spo i l e r s  were s tag-  
gered i n  a chordwise d i r ec t ion  t o  avoid mechanical in te r fe rence .  This 
f ea tu re  i s  shown c l e a r l y  i n  f igu re  2. Also shown i n  f igu re  2 are the  
outboard loca t ions  of t he  spo i l e r  hinges. The axes of r o t a t i o n  of t h e  
spo i l e r s  were posi t ioned so t h a t  t he  f r o n t  face  of each spo i l e r  was 
presented approximately normal t o  t he  l o c a l  wind d i r ec t ion  (disregarding 
induced-flow e f f e c t s )  over t h e  f u l l  de f l ec t ion  range of + 4 5 O  r o t a t i o n  
about the spo i l e r  hinge axes. Inasmuch as t h e  spo i l e r  axes of r o t a t i o n  
were not perpendicular t o  e i t h e r  t he  f r o n t  or  t h e  r e a r  faces ,  t he  spo i l e r s  
swept out conical  surface segments during r o t a t i o n  r a t h e r  than plane 
surf aces . 

Two spo i l e r  shapes were inves t iga ted  i n  t h e  f l i g h t  t e s t s .  Both of 
these  shapes had t h e  same plan form, t h a t  is ,  t h e  s p o i l e r  lengths  out- 
board of the spo i l e r  hinge axes were a l l  about 2.4 times t h e  average 
wing thickness a t  t h e  loca t ion  of t he  middle spo i l e r  of t h e  bank of f i v e  
spo i l e r s .  The s ing le  exception t o  t h i s  r u l e  was t h e  inboard s p o i l e r  of 
each bank of  f i v e  which was somewhat sho r t e r .  The two sets of s p o i l e r s  
d i f f e red  i n  c ross -sec t iona l  shape and bevel  angle on the  forward faces .  
Figure 3 defines these two shapes and includes a l l  o ther  dimensions 
per t inent  t o  t he  geometry of the  spo i l e r s  t e s t e d .  Dimensions C and B 
i n  f igu re  3 correspond t o  wing thickness  a t  the  i n s t a l l e d  pos i t i on  of 
t h e  spoi le rs .  It may be noted t h a t  t he  a c t u a l  thickness  of one set of 
s p o i l e r s  was equal t o  one-half of t he  projected-edge thickness  and f o r  
reasons of convenience t h i s  s e t  of spo i l e r s  i s  therefore  designated as 

I , _  I .  

t h e  "I t"  spo i l e r s  i n  t h e  remainder of t h i s  repor t .  

set of spoi le rs  i s  r e fe r r ed  t o  as t h e  "3 t ' l  s po i l e r s .  

Similar ly ,  t h e  o ther  
2 

4 

The spo i l e r s  were s i t u a t e d  at  approximately the  70-percent-chord 
s t a t i o n  (measured normal t o  t h e  25-percent-chord l i n e )  on the  wings of 
t h e  t e s t  a i rp lane  and covered t h e  region from 52.9 percent semispan t o  
71.7 percent semispan. A l i n e  layout of t h e  spo i l e r s  showing exact loca- 
t i o n s  on the wing panels i s  given i n  figure 4. 

The standard a i rp lane  cont ro l  s t i c k  was used t o  dr ive  both t h e  
modified f lap-type a i l e rons  and t h e  spo i l e r s .  
t r o l l a b l e  by t h e  p i l o t  i n  f l i g h t  was incorporated i n t o  each con t ro l  sys- 
tem. This f ea tu re  allowed t h e  p i l o t  t o  s e l e c t  independently any des i red  
r a t i o  of  a i le ron  or spo i l e r  cont ro l  de f l ec t ion  per  u n i t  s t i c k  de f l ec t ion  
from zero up t o  t h e  m a x i m u m  gains  ava i lab le .  A t  maximum gain t h e  f u l l  
la teral  s t i ck  throw of k5.3 inches produced m a x i m u m  a i l e r o n  de f l ec t ions  
of +14O and m a x i m u m  spo i l e r  ro t a t ions  of +450. The va r i a t ions  of con- 
t r o l  def lec t ion  with s t i c k  def lec t ion  were e s s e n t i a l l y  l i n e a r  f o r  both 
l a t e ra l - con t ro l  systems. The o r i g i n a l  a i l e r o n  booster which had a boost 
r a t i o  of 37:lwas re ta ined  and used t o  d r ive  t h e  modified a i l e rons .  The 
s p o i l e r s  wcre actuated manually without benef i t  of power a s s i s t ance  of 
any kind. 

A variable-gear box con- 
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The 

aluminum 
together  

spo i l e r s  were constructed of aluminum honeycomb bonded t o  t h i n  
cover sheets .  
along t h e  edges of t h e  spoi le rs .  

The f ron t  and rear  spoi le r  faces  were a l s o  r i v e t e d  
The spo i l e r s  were designed t o  

withstand t h e  predicted loads associated with f u l l  def lec t ion  at a Mach 
number of 0.95 a t  an a l t i t u d e  of 15,000 f ee t ;  these  conditions defined 
the  primary dynamic pressure l imi t a t ion  of t h e  t es t  a i rp lane .  Each 
s p o i l e r  was mass-balanced about i t s  hinge a x i s  i n  order t o  avoid s p o i l e r  
f l u t t e r  and no ind ica t ions  of spo i l e r  f l u t t e r  were noted during t h e  
f l i g h t  t es t s  . 

Figure 5 i s  a two-view sketch of the t es t  a i rp lane .  It may be noted 
t h a t  t h e  spo i l e r s  were a l l  located f a r t h e r  from t h e  a i rp lane  center  l i n e  
than t h e  t i p s  of t h e  horizontal  t a i l .  
encountering t a i l  buf fe t ing  due t o  impingement on t h e  hor izonta l  t a i l  
of flow separated by the  def lected spoi le rs  was r a t h e r  remote f o r  t h e  
configurat ion t e s t ed .  

Therefore, t he  l ike l ihood of 

Figure 6 presents  t he  f r i c t i o n  cha rac t e r i s t i c s  of t h e  s p o i l e r  con- 
t r o l  system as measured on t h e  ground. 
fo rces  a r e  very la rge  f o r  a manually operated l s t e ra l - con t ro l  system 
even though ba l lbear ings  were used a t  a l l  r o t a t i n g  bearing points .  

A s  m y  be noted, t he  f r i c t i o n  

A l/lc-scale semispan wing model was used f o r  t h e  wind-tunnel tests.  
The semispan wing model had almost exact ly  t h e  same plan form and th ick-  
ness r a t i o  as t h e  wing on the  t e s t  a i rplane.  The a i r f o i l  sec t ion  of 
t h e  model wing w a s  an NACA 65-012 sect ion whereas the  a i rp lane  wing had 
a modified symmetrical NACA 65-series a i r f o i l  sect ion,  12 percent t h i ck  
a t  t h e  root  and 11 percent t h i ck  a t  t h e  t i p .  Six fu l l - l eng th  spni le rs ,  
loca ted  between 52.9 percent and 71.7 percent of t he  wing semispan, were 
used on t h e  model. The plan forms of t he  spo i l e r s  on the  wind-tunnel 
model were geometrically s i m i l a r  t o  those on t h e  t e s t  a i rp lane  and were 
loca ted  near t h e  70-percent-chord l ine .  

METHOD 

The c h a r a c t e r i s t i c s  of t he  paddle-type s p o i l e r s  were evaluated i n  
f l ight by making a s e r i e s  of abrupt rudder-fixed r o l l s  a t  seve ra l  speeds. 
Various magnitudes of lateral  s t i c k  def lec t ion  both right and l e f t  Mere 
used a t  each speed. A chain s top was used t o  l i m i t  t h e  s t i c k  de f l ec t ion  
t o  t h e  desired value. 
a t  an a l t i t u d e  of 35,000 f e e t .  

A l l  t he  da ta  presented i n  t h i s  paper were obtained 
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RESULTS AND DISCUSSION 

The va r i a t ion  of wing-tip h e l i x  angle pb/2V with spo i l e r  def lec-  
as obtained i n  f l i g h t  a t  Mach numbers of 0.60 and 0.86 i s  

Also presented i n  f igu re  7 are estimates of 
t i o n  tis 
presented i n  f igu re  7. 
wing-tip h e l i x  angles based on t h e  wind-tunnel measurements. When t h e  
wing-tip h e l i x  angle was estimated from t h e  wind-tunnel data,  t he  damping 
i n  roll was obtained from f l i g h t  measurements presented i n  reference 2. 
Also, i n  order  t o  make t h e  f l i g h t  and wind-tunnel measurements more 
d i r e c t l y  comparable, t he  measured wind-tunnel r o l l i n g  moments were multi-  
p l i e d  by an area r a t i o  f ac to r  of 0.807 t o  account f o r  t h e  f a c t  t h a t  t h e  
wind-tunnel model had s i x  fu l l - length  spo i l e r s  per  panel and the  a i rp l ane  
had only four  fu l l - length  and one shortened spo i l e r  per  panel.  

The agreement between t h e  f l i g h t  and wind-tunnel measurements i s  
very good. The f l i g h t  da ta  show t h a t  no measurable change i n  s teady 
r o l l i n g  effect iveness  occurred i n  going from a Mach number of 0.60 t o  
0.86. The m a x i m u m  value of pb/2V a t t a ined  i n  f l i g h t  i s  0.055 at  a 
Mach number of 0.86 a t  an a l t i t u d e  of 35,000 feet .  
paddle-spoiler system t e s t e d  w a s  considered t o  be a ha l f - s ize  i n s t a l l a -  
t i o n  (one-half the  o r i g i n a l  a i l e ron  span was covered by s p o i l e r s ) ,  it 
appears t h a t  paddle-type spo i l e r s  have ample e f fec t iveness  f o r  use as a 
primary l a t e ra l - con t ro l  system on high-performance a i rp lanes .  Wind- 
tunnel  data have shown t h a t ,  when compared on t h e  b a s i s  of projected 
area normal t o  t h e  free-stream di rec t ion ,  paddle-type spo i l e r s  have about 
t h e  same ef fec t iveness  as other  commonly used spo i l e r s  located a t  t h i s  
same posit ion.  

Inasmuch as t h e  

The da ta  presented i n  f igure  7 a l so  show t h a t  t h e  spo i l e r s  were 
inef fec t ive  (or  possibly even had s l i g h t  reverse  e f fec t iveness)  a t  s m a l l  
def lec t ions .  This lack  of spo i l e r  e f fec t iveness  a t  small de f l ec t ions  
might r e s u l t  from failure of t h e  spo i l e r  t o  cause a breakdown of t h e  
smooth flow o r  by leakage flow through t h e  wing a t  t h e  spo i l e r  clearance 
gaps. A b r i e f  t u f t  study made during one f l i g h t  and q u a l i t a t i v e  chord- 
wise pressure d i s t r ibu t ions  obtained during severa l  f l i g h t s  ind ica ted  
e i t h e r  or  both reasons f o r  t h e  inef fec t iveness  might apply. In  t h i s  
connection it may be noted t h a t  some manufacturers have overcome t h e  
problem of low-deflection inef fec t iveness  of spo i l e r s  by using combina- 
t i o n s  of control  types f o r  t h e  l a t e r a l - c o n t r o l  system ( t h a t  is, s p o i l e r s  
together  with s m a l l  f lap-type a i l e rons ) .  

The f l i g h t  da ta  presented i n  f igu re  7 are f o r  t he  1 t spo i l e r .  
2 c 

Roll ing effect iveness  da ta  obtained with t h e  2 t spo i l e r s  were e s s e n t i a l l y  

the  same and are not presented. 
11 
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The va r i a t ion  of hinge-moment coef f ic ien t  with spo i l e r  de f l ec t ion  
as measured both i n  f l i g h t  and i n  the wind tunnel  a r e  presented i n  f i g -  
ure 8. 
moment coef f ic ien t  f o r  one spo i l e r  (obtained by dividing the t o t a l  hinge 
moment r e s u l t i n g  from def lec t ing  a l l  the spo i l e r s  by the number of 
s p o i l e r s ) .  
var ied  considerably depending on posi t ion wi th in  a given bank of spo i l e r s .  

The hinge-moment coef f ic ien t  presented i s  the average hinge- 

Actually, the individual  spoi le r  hinge-moment c h a r a c t e r i s t i c s  

Data are included f o r  both the I t and - 3 t spo i l e r  configurations.  
2 4 

The equivalent lateral  s t i c k  forces associated with the  hinge- 
moment da t a  shown i n  figure 8 can be read from t h e  ex t r a  ord ina te  sca l e  
included i n  t h e  figure. These equivalent s t i c k  forces  are presented 
r a the r  than measured s t i c k  forces  because high f r i c t i o n  i n  t h e  cont ro l  
system made any co r re l a t ion  between measured s t i c k  forces  and aerodynamic 
hinge moments impracticable.  

Inspect ion of f igure  8 indica tes  considerable d i f fe rence  e x i s t s  

t spo i l e r  configurations t h e  f l i g h t  measuremen%s 
between the  f l i g h t  and wind-tunnel measurements of hinge moments. 
either t h e  - t o r  

i nd ica t e  considerably more overbalance than do the wind-tunnel measure- 
ments. However, both the  f l i g h t  and wind-tunnel data exh ib i t  t h e  same 
t rend  (toward more overbalance) i n  going from the  1 t t o  the 1 t configu- 

r a t ion .  The apparent la rge  difference between t h e  f l i g h t  and wind-tunnel 
curves i s  unduly emphasized by t h e  sens i t ive  ord ina te  sca le .  The f l i g h t  
curves a r e  averages of da ta  obtained from severa l  f l i g h t s  because of the  
f r i c t i o n  present i n  the control  system. L t  i s  of i n t e r e s t  t o  note t h a t ,  
w i t h  t h e  standard a i le rons  on the t e s t  a i rplane,  the a c t u a l  aerodynamic 
hinge moments required t o  produce a given a i rp lane  r o l l i n g  ve loc i ty  were 
on the  order of 10 times l a r g e r  than those f o r  t he  

when f ly ing  at  an indicated airspeed of 200 knots. 

With 
1 
2 ‘4 

2 4 

t paddle spo i l e r s  2 

The wind-tunnel tests of t h i s  family of spo i l e r s  covered s p o i l e r s  
ranging from those with zero edge thickness t o  those with f u l l  edge th i ck -  
ness (no bevel on the  forward faces) .  
obtained from t h e  wind-tunnel tes ts  var ied from highly underbalanced f o r  
the zero edge thickness spo i l e r  configuration t o  highly overbalanced f o r  
the 1 .0 t  configuration and it was shown t h a t  edge thickness  had a power- 
f u l  influence on t h e  hinge moments over the complete range of edge th ick-  
nesses  t e s t ed .  
of the  wind-tunnel t rends appears t o  be permissible because of t h e  agree- 
ment i n  t r end  and, i f  t h i s  i s  done, it would be predicted t h a t ,  i f  f l i g h t  
tests of a set of t spo i l e r s  had been made, these spo i l e r s  would have 

shown approximately zero aerodynamic hinge moments f o r  small t o  moderate 
s p o i l e r  def lec t ions .  

The hinge-moment c h a r a c t e r i s t i c s  

Extrapolating the f l ight  da ta  of f igu re  8 on t h e  b a s i s  

‘4 
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*. 
Flight  meas7sements showing the e f f e c t s  of increasing t h e  Mach num- 

ber  from 0.60 t o  0.86 on the  hinge moments of t h e  paddle s p o i l e r s  a r e  
presented i n  f igure  9. These hinge-moment da ta  a r e  again the average 
hinge moments f o r  one spoi le r .  
i s  t o  cause about a 25-percent reduction i n  t h e  hinge-inoment coef f ic ien ts .  

- 
The e f f e c t  of increasing t h e  Mach number 

A s  was mentioned previously, a la rge  amount of mechanical f r i c t i o n  
w a s  present i n  t h e  paddle-spoiler l a t e r a l - c o n t r o l  system. 
shows the var ia t ion  of l a t e r a l  s t i c k  force with l a t e r a l  s t i c k  def lec t ion  
as the s t i c k  was moved slowly on the  ground. Near the  n e u t r a l  s t i c k  
posit ion,  the  s t i c k  force required t o  overcome the  f r i c t i o n  i s  about 
10 pounds and, near the  f u l l  s t i c k  def lect ion,  the s t i c k  force  required 
i s  about 20 pounds. The s t i c k  forces  required t o  overcome t h e  f r i c t i o n  
a r e  of the same order of magnitude as the  s t i c k  forces  r e s u l t i n g  from 
t h e  aerodynamic hinge moment on the  paddle spoi le rs .  

Figure 6 

(See f i g .  8.) 

I n  the design and i n s t a l l a t i o n  of t h e  paddle-spoiler control  system, 
considerable e f f o r t  was made t o  keep t h e  f r i c t i o n  low. B a l l  bearings 
were used a t  a l l  r o t a t i n g  bearing points .  
the large bending moments a r i s i n g  from s p o i l e r  drag loads, it was neces- 
sary t o  use two r e l a t i v e l y  la rge  b a l l  bearings t o  support each of t h e  
10 spoi lers .  Also, because of t h e  la rge  def lec t ion  range necessary with 
paddle spoi le rs  (+45' i n  t h e  subject t e s t s ) ,  t h e  gear r a t i o  between t h e  
s t i c k  and the  s p o i l e r s  was very unfavorable as compared with t h e  gear 
r a t i o s  t h a t  a r e  used with conventional a i le rons  which, f o r  example, move 
only + l 5 O  f o r  f u l l  s t i c k  def lect ion.  Both f a c t o r s  contributed t o  the  
unusually la rge  s t i c k  f r i c t i o n  forces  i n  the  subject i n s t a l l a t i o n  as 
they would l i k e l y  do i n  any other paddle-spoiler i n s t a l l a t i o n .  
of the  l i k e l y  high f r i c t i o n ,  even though the  spoi le r  hinge moments could 
be made zero or  s l i g h t l y  underbalanced ( r a t h e r  than overbalanced as i n  
t h e  present t e s t s )  the  la te ra l -cont ro l  force c h a r a c t e r i s t i c s  of a manual 
control  system using paddle-type s p o i l e r s  would probably be unsat isfac-  
t o r y  t o  the p i l o t .  However, based on the present l imi ted  invest igat ion,  
the adoption of paddle-type s p o i l e r s  should make possible  t h e  use of 
much smaller and l e s s  powerful power control  units than are now required 
t o  dr ive conventional flap-type control  surfaces.  The main funct ion of 
the  power control  system used with properly designed paddle-type s p o i l e r s  
would be t o  overcome the undesirable control  system f r i c t i o n .  Along with 
such a power control  system an a r t i f i c i a l  f e e l  system would i n  a l l  prob- 
a b i l i t y  be provided. 

However, i n  order t o  res is t  - 

In  view 

From a handling q u a l i t i e s  standpoint t h e  paddle-spoiler la teral-  
control  system t e s t e d  was unsat isfactory i n  some respects .  
ineffectiveness a t  s m a l l  def lect ions,  together  with t h e  high f r i c t i o n  w 

and the  overbalancing s t i c k  forces  made it extremely d i f f i c u l t  f o r  t h e  
p i l o t  t o  maintain wings-level f l i g h t .  However, not a l l  c h a r a c t e r i s t i c s  
of the  paddle-type spoi le rs  t e s t e d  were unfavorable. The p i l o t  described - 

The s p o i l e r  



Q 9 

. 

L 
4 
0 
8 

the r o l l i n g  performance f o r  l a r g e  spoi ler  def lec t ions  as smooth and 
pleasing and he was not able t o  de tec t  l a g  i n  t h e  build-up of r o l l i n g  
acce lera t ion  following abrupt control  def lect ion.  The yawing moments 
due t o  t h e  combination of s p o i l e r  def lect ion and a i rp lane  r o l l i n g  
response were apparent18 very low because the  p i l o t  noted t h a t  he was 
ab le  t o  make abrupt 360 
a i rp lane  heading e i t h e r  during o r  a f t e r  the r o l l .  
the s p o i l e r s  were f r e e  of f l u t t e r  tendencies f o r  t h e  conditions of speed 
and a l t i t u d e  t e s t e d .  No tendency was noted f o r  t h e  s p o i l e r  i n s t a l l a t i o n  
t o  produce a i rp lane  buffet ing when the s p o i l e r s  were undeflected o r  were 
def lec ted  moderate mounts.  A t  f u l l  spoi le r  def lect ion,  mild buf fe t ing  
sometimes was noted by the  p i l o t  but even then it was not c l e a r  whether 
t h i s  buf fe t ing  w a s  a t t r i b u t a b l e  t o  the s p o i l e r s  o r  t o  wing s ta l l  which 
of ten  occurs during rapid rolls at  high a i rp lane  l i f t  c o e f f i c i e n t s  with 
normal a i leron-control  systems. 

r o l l s  without incurr ing not iceable  changes i n  
A s  noted previously,  

CONCLUSIONS 

A l imi ted  invest igat ion of a paddle-spoiler type of l a t e r a l - c o n t r o l  
system w a s  made i n  f l i g h t  using a swept-wing fighter a i rp lane  and i n  the 
Langley 300 MPH 7- by 10-foot tunnel using a semispan wing model. 
r e s u l t s  of t h i s  invest igat ion lead  t o  the  following conclusions: 

The 

1. The effect iveness  of t h e  paddle-spoiler l a t e r a l - c o n t r o l  system 
i n  providing roll was good f o r  medim and la rge  s p o i l e r  def lec t ions  but  
was e s s e n t i a l l y  zero f o r  s m a l l  def lect ions.  ?lie fl ight.  and wind-tunnel 
measurements of r o l l i n g  effect iveness  were i n  very good agreement. 

2. "he aerodynamic hinge moments associated wi th  the paddle-spoilers 
were s m a l l  i n  comparison w i t h  those of f lap-type controls .  For t h e  two 
s p o i l e r  shapes t e s t e d  i n  f l ight the hinge moments were overbalanced. 
The wind-tunnel r e s u l t s  showed that decreasing the  paddle-spoiler edge 
thickness  caused the  hinge moment t o  change from overbalance t o  under- 
balance. This t rend was a l s o  observed i n  the  f l i g h t  measurements. 

3. The control-system f r i c t i o n  forces  f o r  a paddle-spoiler lateral-  
cont ro l  system are l i k e l y  t o  be very high. 
dynamic hinge moments of the spoi lers  a r e  r e l a t i v e l y  s m a l l  o r  even zero, 
it i s  l i k e l y  t h a t  a power control  with a r t i f i c i a l  f e e l  would be required 
t o  make t h e  p i l o t ' s  control  forces s a t i s f a c t o r y .  
however, could probably be much smaller than i s  o r d i n a r i l y  required t o  
d r i v e  flap-type controls.  

Thus, even though the aero- 

The power cont ro l  u n i t ,  

4.  The p i l o t  thought t ha t  the r o l l i n g  response of  t h e  paddle s p o i l e r s  
a t  l a r g e  def lect ions was pleasingly smooth and f r e e  of l a g  and he w a s  
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favorably impressed by the  lack  of s i d e s l i p  associated with ro l l i ng ;  
however, t h e  ineffect iveness  of t h e  s p o i l e r s  at  low def lec t ions ,  t h e  
overbalance hinge moments, and the  very l a rge  control-system f r i c t i o n  
of t h e  spo i l e r  i n s t a l l a t i o n  t e s t e d  were a l l  unacceptable. 

5. The paddle spo i l e r s  t e s t e d  showed no ind ica t ions  of f l u t t e r  and 
t h e  buffet ing a t t r i b u t a b l e  t o  them was mild o r  nonexistent.  

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Field,  V a . ,  March 26, 1959. 
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L-57-1783 - 1 
Figure 2.- Top view of paddle-type s p o i l e r  i n s t a l l a t i o n  i n  t h e  r i g h t  

wing panel  of the  test  a i rp lane .  
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Dimens ion 
Spoiler L B C  T 
NO. 
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Front face  
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\ Area used i n  hinge-moment 

L coe f f i c i en t  ca lcu la t ions  

t Section A-A 

i 
1 sec t ion  A-A t 

1/2t Configuration 3/4t Configuration 

Figure 3.- A detailed sketch showing the dimensions of the paddle 
spoilers and indicating the two spoiler configurations used in the 
flight tests. A l l  dimensions are in inches. 
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Figure 4.- A semispan plan-view sketch of t h e  l e f t  wing showing t h e  
l o c a t i o n  of the  paddle-type spoi le rs .  A l l  dimensions are i n  inches. 



16 
Y 

. 

Figure 5.- Two-view sketch of the  a i rp l ane  used f o r  t he  paddle-type 
spo i l e r  i n s t a l l a t i o n .  
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